The goal of this study was to assess the effect of the different habitats on rodent diversity, and to estimate the effect of changes in land use on the rodent abundance through different possible scenarios. We sampled poultry farms, human houses, riparian habitats, railway embankments, woodlots, pasture, crop fields and their borders. The habitats with highest frequency of captures were poultry farms and crop field borders, mainly because of Mus musculus and Akodon azarae captures, respectively. All rodent species were found in at least six of the nine habitats sampled, but in some of them with low frequency. The different habitats differed in their contribution to the abundance of each species. Crop fields and pasture borders contributed more than 40% to the abundance of A. azarae, Oxymycterus rufus, Oligoryzomys flavescens and Calomys musculinus, while poultry farms had higher abundance of M. musculus. Woodlots and railway embankments showed a high contribution to O. flavescens abundance. The increase in the area covered by crop fields and human habitats led to an increase in the abundance of M. musculus and Calomys spp. and to a decrease in the relative abundance of other species. Considering the role of habitat diversity in rodent diversity, our results suggest that none of the species studied, except M. musculus, which is highly dependent on farms, depends on a single habitat and that their abundance is supported by a variety of less perturbed habitats. The current changes in land use would generate an increase in M. musculus abundance in detriment of wildlife species which are associated with undisturbed habitats.
Introduction
In temperate ecosystems, diversity is being increasingly affected by the expansion of urbanization and agriculture over natural systems, especially in developing countries (Tilman et al., 2001; Ramankutty et al., 2002) . These changes may cause the disappearance or fragmentation of habitats, which in turn affect the composition, structure and function of communities and landscapes (Mc Garigal & Mc Comb, 1995; Schweiger, Diffendorfer, Holt, Pierotti, & Gaines, 2000) .
Along with the physiognomic changes of the landscape, the replacement of the grassland matrix by crop fields has also affected the landscape structure and function (Viglizzo et al., 2001; Ghersa, Ferraro, Omacini, Martinez-Ghersa, & Perelman, 2002; Guershman, Paruelo, & Burke, 2003; Donald, 2004) , with spontaneous plant communities developed along longitudinal habitats functioning as corridors among habitat patches that are spatially separated by an unsuitable matrix (Forman & Gordon, 1986) . The presence of patches of natural habitats and corridors within the agricultural matrix may increase the abundance and diversity of various animal taxa (Hassall, Hawthorne, Maudsley, White, & Cardwell, 1992; Salek, Kreisinger, Sedlacek, & Albrecht, 2009) , and favor the dispersion of various species (Aars & Ims, 1999; Haddad et al., 2003) .
Many studies have shown that rodents are very sensitive to changes caused by the expansion of agroecosystems (Grant, Birney, French, & Swift, 1982; Bilenca & Kravetz, 1995; Angelstam & Petterson, 1997; Cole, Mc Comb, Newton, Leeming, & Chambers, 1998; Masters, Brown, Clarke, Whittaker, & Hollier, 1998) . This may affect community composition because species respond differentially depending on their habitat affinities, food habits, range of movements and social interactions (Bowers & Dooley, 1991; Robinson et al., 1992; Bolger et al., 1997; Millán de la Peña et al., 2003; Butet et al., 2006; Michel, F. Burel, & A. Butet, 2006) .
In the Pampean region, the agricultural expansion has caused changes in the relative abundances of native rodents, with an increase in those associated with more perturbed habitats in detriment of those typical of more stable habitats (Crespo, 1966; Kravetz, Percich, Zuleta, Calello, & Weissenbacher, 1986) . Along with the agricultural expansion, during the last decades, the size of agricultural plots has increased, and areas that were previously left as margins with spontaneous vegetation are now cultivated, decreasing the area occupied by corridors (Poggio, Chaneton, & Ghersa, 2010) . Therefore, the crop field matrix is increasing its dominance, along with an increase in woodlots, human houses and poultry farms or other intensive rural activities (Fraschina, 2011) . In consequence, we expect that the change in the proportion of habitats will be reflected in the relative abundances of rodent species at a landscape scale, even if the species composition in each habitat type remains unchanged. The species distribution among habitats, independently of total abundance, may affect the performance of populations and their ability to persist in a system with an agricultural matrix and natural patches restricted to longitudinal corridors.
The rodent community in the Pampean region has been widely described (Busch & Kravetz, 1992a , 1992b Busch, Alvarez, Cittadino, & Kravetz, 1997; Dadon, & Hodara, 2000; Busch et al., 2001; Hodara, Busch, Kittlen, & Kravetz, 2001; Hodara & Busch, 2006; Busch & Hodara, 2010; Fraschina, León, & Busch, 2012; León, Fraschina, Guidobono, & Busch, 2013) , but mainly in crop fields, their borders, and poultry farms. Other habitats that support species with more specific requirements, such as railway embankments, woodlots and riparian habitats, have been poorly sampled. Taking into account that changes in land use mainly affect these types of habitats, which may be important for the maintenance of rodent diversity at a landscape scale, the goal of this paper was to assess the effect of the different habitats on rodent diversity at a landscape scale, and to estimate the effect of changes in land use on the abundance of the different species through different possible scenarios. Our hypothesis was that habitat heterogeneity allows the persistence of a higher rodent diversity, especially because some native species are restricted to natural habitats with low human intervention.
Material and Methods

Study Area
Field work was conducted in Exaltación de la Cruz Department (34º18´S, 59º14´E), Buenos Aires Province, Central Argentina. The study area is located in the Rolling sub-region of the Pampean Region, and is characterized by a temperate climate, with a mean annual temperature of 16 ºC and an average annual precipitation of 1000 mm. Maximal temperature occurs in January, with a mean temperature of 23.4 ºC and a maximum of 41.5 ºC, while the coldest months are June -July, with a mean winter temperature of 9.8 ºC and a minimum of -9.6 ºC (Hall et al., 1992) . Although there are seasonal variations in precipitation, there is no dry period (Hall et al., 1992) .
The original grasslands of the area have been highly modified by agriculture and livestock, and by the introduction of trees (Soriano et al., 1991) . Nowadays, the study area is an agroecosystem that presents a matrix of crop fields that are frequently disturbed by agricultural activities, ploughing and herbicide application. The most frequent crops of the area include soybean, maize and wheat. Crop field size varies between 4 and 25 hectares, and crop fields are usually separated by thin corridors along wire fences where a spontaneous and particular flora is present (Soriano et al., 1991) , with both native and exotic plant species. This spontaneous community is also developed along roads, railways and riparian habitats and is less disturbed by agricultural labors and livestock than fields (Busch & Kravetz, 1992; Bilenca & Kravetz, 1998) . The area also has small patches of woodlots, houses and poultry farms. Most roads are unpaved. The main activity is rural work.
The habitats considered in the present study cover about 99% of the area, and include: 1 -Crop fields. 6 -Riparian habitats (habitats along small streams that are dry at some moments of the year and are characterized by spontaneous herbaceous vegetation associated with wet conditions).
7 -Railway embankments (longitudinal habitats usually covered by spontaneous herbaceous vegetation and trees, because the train is no longer operative).
8 -Poultry farms (farms devoted to breeding chickens, which occupy about 1 ha, usually have three breeding sheds, and are surrounded by wire fences along which there is a weed community, similar to that of crop field borders). These farms frequently limit with crops or livestock fields.
9 -Human houses (urban houses located in a small village of about 500 inhabitants and houses dispersed within small fields, pastures and poultry farms).
Rodent communities in the study area are mainly composed of the sigmodontines Akodon azarae, Calomys laucha, Calomys musculinus, Oligoryzomys flavescens, and Oxymycterus rufus, the caviidae Cavia aperea and the introduced murines Rattus rattus, R. norvegicus and Mus musculus. These species show a differential habitat use, probably related to particular adaptations to perturbations and to interspecific interactions (Busch & Kravetz, 1992) . A. azarae, O. flavescens, O. rufus and C. aperea are more abundant in less disturbed habitats like roads and crop field borders, railways and riparian habitats. C. laucha is more frequent in crop fields and C. musculinus in crop field borders. Habitat use of both species of Calomys is restricted by the competitive dominance of A. azarae, which prefers less disturbed habitats with high plant cover (Busch et al., 2000; . M. musculus and Rattus spp. are present in poultry farms and around human houses, but they are rare in rural and sylvan habitats (Crespo, 1966; Kravetz et al., 1986; Mills et al., 1991; Busch & Kravetz, 1992a , 1992b . In rural habitats, native rodents show seasonal variations in abundance, with a minimum in spring, a peak in autumn-early winter and a decrease in late winter after frosts (Crespo, 1966) .
Habitat Description
To describe the landscape of the study area and to define the different types of habitats, we traveled along major and minor roads, covering an approximate area of 1000 km 2 recording the presence of different types of habitats. We then used Google Earth images to determine the proportions occupied by the different habitats defined.
Rodent Sampling
To cover the different stages of the rodent population (according to reproductive activity and density) and all the phenological stages of the crops, seasonal rodent samplings in crop fields, pastures, their borders, riparian habitats, railway embankments, woodlots, and human houses were conducted from June 2006 to March 2008. Samplings in poultry farms were conducted from December 2004 to May 2006. Because the composition of the rodent community and relative abundance in poultry farms do not show great changes according to the year (Gómez Miño, Cavia, Gómez Villafañe, Bilenca, & Busch, 2007) , we considered valid to include this habitat in the study. Along the study period, we sampled rodents with Sherman live traps in a total of 350 sites. In riparian habitats, woodlots and railways embankments, we sampled sites with a line of 15 traps spaced at 10-meter intervals. In human houses, we distributed the 15 Sherman traps in the perimeter, garden and around other buildings. In each season, we sampled three sites per habitat. At each site of crop fields and pastures, we placed two lines of 15 traps spaced at 10-meter intervals: one in the border and the other in the field, 20 meters away from the border. In each season, we sampled three sites of each crop present. In all occasions, each site was sampled once. In 30 poultry farms, we placed 10 Sherman traps along the external walls of three breeding sheds, except in those that had only two. We also placed 10 traps along the perimeter of the farms. Some farms were sampled in more than one occasion, totaling 86 samplings.
Traps were baited with rolled oats mixed with peanut butter. Each trap was checked in the morning during three subsequent days at each trapping session. The location and habitat of capture, species, sex, external measures (body and tail length), body weight and external evidence of reproductive condition were recorded for each animal captured. Animals captured were given an individual mark with an ear tag and then released at the site of capture.
Data Analysis
Total rodent abundance and abundance of each species were estimated by a trapping success index (TS) = number of different individuals captured / number of traps x number of nights in each habitat and period of the year (spring-summer and autumn-winter).
Species richness, diversity, evenness and total rodent abundance were estimated at each habitat. Diversity and Evenness were determined using the Shannon-Wiener (H) and Shannon Evenness (E) indexes, respectively (Magurran, 1988; Krebs, 1989) .
The similarity in the composition of the rodent community among habitats was evaluated by the Czekanowski's quantitative index (Matteucci & Colma, 1982; Pielou, 1984) . In this analysis, we considered all captures along the study period.
We considered the species distribution among habitats at two scales: frequency of use of the habitat type (considering only presence/absence) and TS at each habitat type. In both cases, we conducted Generalized Linear Models (GLM) with binomial error structure and a logit-link function. If data showed over dispersion (dispersion factor larger than 1.5), we used GLM with a penalized quasi-binomial model (R Development Core Team 2013). Least Significant Difference (LSD) comparisons and Bonferroni correction were used if the effect of habitat was significant in the GLM analysis (Di Rienzo et al., 2014) . We estimated the frequency of each species according to the number of sites with at least one individual captured in relation to the total number of sites sampled for each habitat along the study period and for each sampling. For each species, we only included those habitats where the species was captured at least once.
The relative representation of each habitat in the area was estimated from Google Earth images and maps of the study area.
We described habitat heterogeneity by means of the Shannon-Wiener (H) index of diversity and Shannon Evenness (E) index (Ricklefs, 1987; Kotliar & Wiens, 1990; Levin, 1992; Wiens et al., 1993) for the current area and scenarios 1 and 2.
To assess the contribution of each habitat to rodent abundance at the lanscape scale, we multiplied the proportion of the area covered by the habitat by rodent abundance. We analyzed the effect of possible changes in land use on species composition at a landscape scale through four scenarios of possible change (Table 3) . In all cases, we assumed an increase in the area occupied by poultry farms, crop fields and human houses and a decrease in the area occupied by woodlots, pastures, crop fields and pasture borders. We assumed no change in riparian habitats and railway embankments. In scenarios 1 and 2, we considered only changes in the proportion of the different habitats; in scenarios 3 and 4, we considered the same area proportions as in scenario 2 but with an increase in the size of crop field plots through the fusion of contiguous crop fields leading to the loss of internal borders. We assumed that rodents only use the crop field area located closer than 50 m to the border, so an increase in the size of the plots leads to a greater proportion of the crop field not used by rodents. The 50 m distance was chosen according to Hodara and Busch (2006) . For these scenarios, we considered that increasing plot sizes were associated with declining rates of use by rodents (75 and 50%). In riparian habitats and borders of crop fields and pastures, we captured all the species of the study area. In poultry farms, we captured five species, and it was the habitat with the highest total abundance, with a great dominance of M. musculus (85% of the captures). In human houses, we found the lowest richness, diversity and total abundance (Table 1) . Note. S = Richness, H = Diversity, E = Evenness, TS = total rodent abundance.
Results
In
Poultry farms had low similarity to the other habitats, except to human houses, with a mean index of similarity of 14.91% (Czekanowski index, Table 2 ). The habitats with highest similarity were railway embankments and pasture borders (94.74%) and crop field borders and riparian habitats (94.37%). Habitats with low human intervention, as riparian habitats, pastures, railway embankments, pasture and crop field borders showed more than 77 % similarity (Table 2) . Note. R = riparian habitat, CB = crop field border, PB = pasture border, C = crop fields, PF = poultry farms, W = woodlots, P = pastures, H = human houses, RE = railway embankments.
Frequency Distribution among Habitats
The habitats with highest frequency of captures were poultry farms and crop field borders, but mainly because of M. musculus and A. azarae captures, respectively ( Figure 1 ). All rodent species were found in at least six of the nine types of habitats sampled, but in some of them with low frequency (Figure 1) .
A. azarae was the only species present in all habitats, and in six of them it was present in more than 0.25 of the sites sampled. Its frequency, however, varied by habitat (p < 0.000 for the effect of habitat in the GLM analysis), being more frequent in borders of crop fields and pastures and in riparian habitats than in the other habitats (Figure 1 ).
O. rufus was present in seven habitats, and, as A. azarae, it was more frequently captured in borders of crop fields and pastures and in riparian habitats (p = 0.0270 for the effect of habitat in the GLM analysis). O. rufus, however, was less frequently captured than A. azarae (in all habitats it was captured in less than 0.25 of the sites; Figure 1 ).
The habitat also had an effect on the presence of O. flavescens (p = 0.0124 for the effect of habitat in the GLM analysis), which showed higher frequencies in pasture borders, railway embankments and woodlots. This species was present in six of the habitats studied (with very low frequency in crop field borders, riparian habitats and poultry farms; Figure 1 ).
The habitat also had an effect on M. musculus (p < 0.000 for the effect of habitat in the GLM analysis), which was present in more than 90% of the poultry farms (Figure 1 ) but was also captured with low frequency in other five habitats.
C. musculinus and C. laucha were captured in six and seven habitats, respectively, but with frequencies lower than 20% of the sites, and without significant differences in their frequency among habitats (p = 0.486, p = 0.506 respectively; Figure 1 ). laucha, SS = spring-summer period, AW = autumn-winter period, CB = crop field borders, R = riparian habitat, PB = pasture borders, C = crop fields, PF = poultry farms, W = woodlots, P = pastures, H: human houses, RE = railway embankments. Different letters represent significant differences according to the LSD comparisons.
Abundance Distribution among Habitats
Abundance was higher in borders than in the other habitats, while human houses were characterized by a low total abundance and the capture of only one species: M. musculus or A. azarae, depending on the occasion.
The different habitats sampled differed in their contribution to the abundance of each species. Crop field and pasture borders contributed more than 40% to the abundance of A. azarae, O. rufus, O. flavescens and C. musculinus. These habitats also contributed a high proportion of C. laucha abundance, while M. musculus individuals were highly concentrated in poultry farms. Woodlots and railway embankments also showed a high contribution to O. flavescens abundance (Figure 2 ).
According to the GLM, the habitat had a significant effect on the abundance of the different species except for C. musculinus (p < 0.000 for A. azarae, p < 0.000 for M. musculus, p = 0.003 for O. flavescens, p < 0.000 for O. rufus and p = 0.001 for C. laucha).
A. azarae was the species with highest mean abundance, although more than 46% of its abundance was concentrated in borders of crop fields and pastures. Riparian habitats and railway embankments also had high abundance (Figure 2 ). LSD comparisons showed that in crop fields, woodlots, human houses and poultry farms its abundance was lower than in riparian habitats, pastures and borders of crop fields and pastures (Figure 2) . M.
www.ccsenet.org/jas
Journal of Agricultural Science Vol. 6, No. 12; 2014 musculus had the second highest mean abundance, but it was mainly present in poultry farms (Figure 2) . O. flavescens was more abundant in pasture borders, but woodlots, railway embankments and crop field borders also had higher abundance than the other habitats. LSD comparisons showed that in those habitats its abundance was higher than in poultry farms (Figure 2) . O. rufus was the fourth species in abundance, being more abundant in borders of pastures and crop fields than in the other habitats, although differences were only statistically significant when compared with poultry farms. C. laucha abundance was mainly concentrated in crop fields and borders of pastures. LSD comparisons showed that its abundance was higher in crop fields than in poultry farms (Figure 2 ). C. musculinus was more abundant in crop field borders and riparian habitats, but according to the GLM there was no significant effect of habitat on its abundance. musculinus, Cl = C. laucha; SS = spring-summer period, AW = autumn-winter period, CB = crop field border, R = riparian habitats, PB = pasture borders, C = crop fields, PF = poultry farms, W = woodlots, P = pastures, H = human houses, RE = railway embankments. Different letters represent significant differences according to the LSD comparisons.
Species Composition of the Study Area at a Landscape Scale and Changes According to Four Different Scenarios of Land Use Change
Crop fields occupied more than 88% of the area, while the other types of habitats occupied between 3 and 0.07% (Table 3 ). In scenarios 1 and 2, we considered an increase in the proportion of area covered by crop fields and human habitats (Table 3) . Note. R = riparian habitat, CB = crop field border, PB = pasture border, C = crop fields, PF = Poultry farms, W = woodlots, P = pastures, H = human houses, RE = railway embankments, Rd = roads.
Habitat diversity and evenness were H = 0.253 and E = 0.253 (n = 9 habitats) for the current distribution of areas, H = 0.220 and E = 0.220 (n = 9) for scenario 1, and H = 0.189 and E = 0.2019 (n = 7) for scenario 2. In this last case, we assumed the loss of pastures and their borders. Rodent diversity and evenness were H = 0.550 and E = 0.707 for the current situation, H = 0.583 and E = 0.749 for scenario 1 and H = 0.580 and E = 0.745 for scenario 2. In all cases, the number of species was 6. In scenario 1, rodent diversity increased because of the decrease in the dominance of A. azarae, while the loss of habitats in scenario 2 caused a decrease in rodent diversity with respect to scenario 1.
Habitats that have a high local abundance of rodents but cover a low proportion of the area, as poultry farms, pasture and crop field borders, decreased their contribution to rodent abundance at a landscape scale, whereas crop fields increased their contribution to rodent abundance at a landscape scale (Table 4) . Vol. 6, No. 12; 2014 30 woodlots, P = pastures, H = human houses, RE = railway embankments, L = local scale, LS = landscape scale.
According to the current area occupied by the different habitats, there is a clear dominance of A. azarae ( Figure  3a ). An increase in the area covered by crop fields and human habitats (poultry farms and human houses) led to an increase in the abundance of M. musculus, C. laucha and C. musculinus and to a decrease in the relative abundance of other species (Figures 3a, 3b and 3c ).
Considering that the use of crop fields by rodents is restricted to a strip boundary near the borders (Busch & Hodara, 2010) , we found an increase in the proportion of the exotic M. musculus and a decrease in the proportions of C. laucha and C. musculinus (Figures 3d and 3e) . 
Discussion
This study remarks the importance of taking into account the spatial aspect of the distribution of habitats, because the proportion of species in the community at the landscape scale differs with respect to the local composition of the different habitats. None of the species was restricted to a singular habitat, and, except human houses, none of the habitats studied had only one or few species. However, species composition differed among habitats. Habitat similarities were related to habitat use: anthropic habitats had higher similarity indexes between them than with the more natural habitats. Crop fields, along with houses and poultry farms, are the habitats more subject to human intervention, with a periodicity that depends on the crops implanted. The expansion of agriculture has caused an increase in abundance at a landscape scale of both species of Calomys with respect to A. azarae, because the population cycle of Calomys is highly synchronized with the phenology of maize, and the rotation of summer and winter crops favors the increase in these rodent populations (Kravetz & De Villafañe, 1981) . During the last decades, however, the increase in soybean culture has caused a reversal of this trend (Fraschina et al., 2012) .
With the changes proposed in scenarios 1 and 2, we observed that A. azarae. O. rufus and O. flavescens would be the species most affected because they are associated with borders and less perturbed habitats. On the other hand, C. laucha, C. musculinus and M. musculus increased their representation due to the increase in crop fields in the case of the two former species and due to the increase in poultry farms in the case of the latter. If we consider scenarios 3 and 4 and take into account that rodent species do not use all the area of crop fields equally (during agricultural labors they move to borders that are less affected, and then the use of fields is limited by the range of movements, which is usually less than 50 m), the proportion of species associated with less perturbed habitats in the community decreases. The increase in size of agricultural plots is an increasing trend in the area, and in many cases internal fences are removed, along with the weed community. Previous results have shown a negative relation between the abundance of C. musculinus and C. laucha and field size (Adduci, Bustos, Gorosito, Fraschina, & Busch, 2012) , and the effect of increased plot size has been proposed as an explanation of the decrease in C. laucha abundance between 1984 and 2008, along with the increase in soybean and no tillage methods (Fraschina, 2011) .
The persistence of M. musculus in this system depends on the presence of commensal habitats, as poultry farms and houses. An evidence of the dependence of M. musculus on human dwellings was its disappearance from a farm when it was abandoned. This farm was invaded by weeds and colonized by native rodent species which were rare before (León, Fraschina, & Busch, 2010) . However, its presence in other habitats, in some cases far from poultry farms or houses, suggests that an increase in the proportion of the area used for poultry and a decrease in the distance among farms may favor its expansion and population increase (León et al., 2010) . In Pampean crop fields, this species rarely achieves pest densities, probably because of the competition with native species (Busch et al., 2005) . In poultry farms, however, it reaches high densities and causes many economic losses (Acha & Szyfres, 1992) . If along with an increase in the area covered by its favorable habitat and a decrease in the distances that this species needs to travel among different farms, there is a decrease in abundance of native species because of habitat changes, it is likely that M. musculus also becomes a pest species in crop fields, as in Australia and New Zealand, where it is considered one of the most important pests of agriculture (Jacob, Nolte, Hartono, Subagja, & Sudarmaji, 2003; Pocock, Hauffe, & Searle, 2005) .
Conclusion
Considering the role of habitat diversity in rodent diversity, our results suggest that none of the species studied, except M. musculus, which is highly dependent on farms, depends on a single habitat and that their abundance is supported by a variety of less perturbed habitats. Both the distribution of habitats and rodent abundance in the agroecosystem studied are characterized by low evenness, because of the dominance of one habitat type, the crop field, and the presence of one or two species, namely A. azarae and M. musculus. The loss of habitats with low human intervention, as borders of pastures and crop fields, pastures and woodlots, would cause a decrease in the abundances of A. azarae, O. flavescens and O. rufus. Probably the least affected of these species is A. azarae, because it is more widely distributed (present in more than 25% of sites of six of the habitats studied) and more abundant.
The current changes in land use would generate an increase in M. musculus abundance in detriment of wildlife species which are associated with undisturbed habitats. 
